Amylases are classified into amylase, amylase, glucoamylase, and isoamylase according to the action on starch and other related substrates. Since the first discovery of maltotetraose producing amylase, 1) several malto oligosaccharide producing amylases have been reported from various microorganisms. Recently, novel functions of malto oligosaccharides have become an increased concern. Maltotriose shows only ca. 25% of sweetness over glucose; however, it is attracting attention in the food industry for its superior characteristics such as absorbancy and water holding capacity. To date there are only four reports on maltotriose producing amylases. A maltotriose producing amylase was first discovered by Wako et al. as an exo type amylase from Streptomyces griseus. 9) Endo type maltotriose producing amylases were discovered from Bacillus subtilis,
Recently, novel functions of malto oligosaccharides have become an increased concern. Maltotriose shows only ca. 25% of sweetness over glucose; however, it is attracting attention in the food industry for its superior characteristics such as absorbancy and water holding capacity. To date there are only four reports on maltotriose producing amylases. A maltotriose producing amylase was first discovered by Wako et al. as an exo type amylase from Streptomyces griseus. 9) Endo type maltotriose producing amylases were discovered from Bacillus subtilis, 10) Microbacterium imperiale 11) and Nataronococcus sp. 12) We have isolated an alkaliphilic Nocardiopsis sp. strain TOA 1, that produces a variety of extracellular alkaline enzymes, where an alkaline protease 13, 14) and a pectate lyase 15) were purified and characterized. Here we report the purification and some properties of two maltotriose producing amylases from alkaliphilic Nocardiopsis sp. TOA 1.
MATERIAL AND METHODS

Materials.
Soluble starch was purchased from Merck. Corn starch, potato starch, amylopectin, glycogen, cyclodextrins (CDs), and malto oligosaccharides ranging from maltose to maltoheptaose were purchased from Wako Pure Chemical. Pullulan and amylose (DP 10) were purchased from Nacalai tesque.
Bacterial strains and culture conditions. Nocardiopsis sp. TOA 1 was originally isolated from the tile joint of a bathroom. Strain TOA 1 was grown in a maltose bonito medium containing 2.0% maltose and 1.0% bonito extract in the presence of 1% Na2CO3. The cultivation was carried out in a 5 L jar fermenter at 30 C with agitation (200 rpm) for 72 h.
Enzyme assay. Amylase activity was assayed by measuring the reducing sugar released from soluble starch as a substrate. The reaction mixture contained 50 mM Glycine NaOH buffer (pH 10.0), 0.5% (w v) gelatinized soluble starch and a suitable amount of enzyme. The reaction was initiated by the addition of the enzyme solution. After incubation at 30 C for 10 min, the amount of reducing sugar released was measured by the dinitrosalicylic acid (DNS) method 16) using glucose as a standard. One unit of amylase activity was defined as the amount of enzyme required for the production of 1 mol glucose per min.
Purification of alkaline amylases. Proteins in the culture broth of strain TOA 1 were precipitated by adding ammonium sulphate to get 80% saturation and the resultant precipitate was dialyzed against 20 mM Tris HCl (pH 8.0, buffer A), and used as a crude enzyme. The crude enzyme solution was applied to a DEAE Toyopearl 650M column (2.5 5.0 cm) that had been equilibrated with buffer A. After the column was washed with the same buffer, proteins were eluted using a 100 mL gradient of 0 to 1 M NaCl in buffer A. Fractions showing amylase activity were collected, followed by addition of ammnonium sulphate to set the final concentration of 30%. The resultant proteins were applied to a columun of Butyl Toyopearl 650M (1.5 10.0 cm) that had been equilibrated with buffer A containing 30% ammnonium sulphate. After the column was washed with the same buffer, proteins were eluted using a 100 mL gradient of 30% to 0% (NH4)2SO4 in buffer A. Fractions with amylase activity were collected and applied to a Superdex 75 column (2.6 cm 60.0 cm) that had been equilibrated with buffer A containing 0.15 M of NaCl. Fractions showing amylase activity were collected and used as a purified enzyme. Protein analysis. Protein content was determined by the Lowry method using bovine serum albumin as a standard. Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS PAGE) was done as described by Laemmli 17) and protein was stained with Coomassie Brilliant Blue R 250.
Analysis of hydrolysis products. Sugar products were identified by thin layer chromatograpy (TLC) with silica gel 60 (Merck). TLC was developed by the ascending chromatography technique in a solvent system of n butanol ethanol water (2:1:1) at room temperature. Sugars were detected by spraying 10% sulfuric acid in methanol, then heating at 110 C for 10 min.
RESULTS
Purfication and molecular mass of AmyA-1 and AmyA-2. Two types of amylase were purified from cultures of strain TOA 1 by precipitation with ammonium sulphate and the subsequent three steps of the column chromatographic procedure (Table 1) . Chromatography on a Butyl Toyopearl column allowed separation of two amylase fractions (Fig. 1A) . SDS PAGE analysis revealed that AmyA 1 and AmyA 2 gave single proteins with a molecular mass of 56 and 60 kDa, respectively (Fig. 1B) . AymA 1 and AmyA 2 were purified to 739 and 796 fold, respectively. Specific activities of AmyA 1 and AmyA 2 were 17.0 and 18.3 U mg, respectively.
Effect of pH. The activity of AmyA 1 and AmyA 2 was assayed in buffers at various pH ranges. AmyA 1 and AmyA 2 exhibited the same optimal pH of 9.5 ( Fig. 2A) . To examine pH stability, AmyA 1 and AmyA 2 were incubated in buffers at various pH values for 10 min at 30 C and the remaining activity was determined. Both amylases were stable at pHs ranging from 8.0 to 13.0 (Fig. 2B) .
Effect of temperature. The activity of amylase was measured at pH 10.0 for 10 min at various temperatures. The optimal temperatures of both AmyA 1 and AmyA 2 were 65 C (Fig. 2C) . To examine the thermostability, these enzymes were incubated in 50 mM Glycine NaOH buffer (pH 10.0) for 10 min at various temperatures and the remaining activity was measured. AmyA 1 and AmyA 2 activities were stable up to 45 C (Fig. 2D) . Above this temperature, the activities decreased gradually. The thermal stabilities were enhanced in the presence of Ca (Table 3) . Neither enzyme hydrolyzed pullulan, cyclodextrin, or cyclodextrin. However, cyclodextrin was a substrate for both amylases. AmyA 2 showed higher activities towards all substrates tested except for amylose and cyclodextrin than AmyA 1 did.
Action pattern. AmyA 1 and AmyA 2 hydrolyzed soluble starch to maltotriose (G3) predominantly. A small amount of maltose (G2) and glucose (G1) were also produced upon incubation (Fig. 3A, B) . The major products from other substrates were also G3 (not shown). Figures 3C and 3D show the hydrolysis products by AmyA 1 and AmyA 2 for malto oligosaccharides ranging from G2 to maltoheptaose (G7). Maltotetraose (G4), maltohexaose (G6) and G7 were predominantly hydrolyzed to G3. Maltopentaose (G5) was hydrolyzed to G3 and G2. G2 and BaCl2  99  89  NiCl2  77  84  FeCl2  4  8  CoCl2  86  88  MnCl2  70  76  PbCl2  30  46  CuCl2  56  27  HgCl2  33  21  MgCl2  93  86  AlCl3  53  54  FeCl3  2  4 Each enzymatic activity was assayed after the enzyme had been treated with each metal ion at 30 C for 10 min and pH 10.0 in 10 mM Glycine NaOH buffer. The values shown are the percentages of the activity without additives, which is taken as 100%. G3 were not hydrolyzed at all. In no case was an elongation of malto oligosaccharaises observed, indicating that AmyA 1 and AmyA 2 have no transglycosylation activity.
DISCUSSION
We have purified and characterized two alkaline maltotriose producing amylases (AmyA 1 and AmyA 2) from an alkalophilic Nocardiopsis sp. TOA 1. These two amylases were very similar in terms of enzyme properties and mode of hydrolysis toward substrates. AmyA 1 and AmyA 2 hydrolyze starches, amylose, amylopectin, glycogen and cyclodextrin to maltotriose as a main product. Based on the hydrolysis of cyclodextrin and rapid decrease of iodine staining capacity (data not shown), AmyA 1 and AmyA 2 are estimated to be end acting amylases. There are four reports on maltotriose producing amylases, which are from S. griseus, 9) B. subtilis, 10) M. imperilale 11) and an archaebacterium Natronococcus sp. strain Ah 36.
12) Among these amylases, S. griseus amylase is exo acting. The optimal pH of S. griseus amylase, B. subtilis amylase and M. imperiale amylase are 5.6 6.0, 6.0 7.0 and 6.5 7.0, respectively. A haloalkaliphilic amylase from archaebacterium Natronococcus sp. strain Ah 36 requires a high salt concentration of 2.5 M NaCl for its activity and stability. An alkaline amylase from alkaliphilic Bacillus sp. strain KSM K38 produces maltohexaose as the major hydrolysis product other than maltotriose.
18) Thus, AmyA 1 and AmyA 2 are novel alkaline and endo type maltotriose producing amylases.
AmyA 1 and AmyA 2 are very similar in their enzymatic properties such as optimal pH and temperature, susceptibility to metal, and hydrolysis mode for substrates. Assays were performed at 30 C and pH 10.0 in 50 mM Glycine NaOH buffer with under the standard conditions. The values shown are the percentages of the activity obtained using soluble starch as substrate, which is taken as 100%. wt vol ) by AmyA 1 (C) and AmyA 2 (D); the reaction was done at 30 C and at pH 10.0 in 50 mM Glycine NaOH buffer for 24 h. G1, glucose; G2, maltose; G3, maltotriose; G4, maltotetraose; G5, maltopentaose; G6, maltohexaose; G7, maltoheptaose; M, standard markers.
However, their substrate specificity is slightly different. AmyA 2 shows higher activity toward various substrates than AmyA 1. It is likely that AmyA 1 is derived from AmyA 2 by the action of proteases in the culture filtrate.
The optimal pH and optimal temperature of AmyA 1 and AmyA 2 are similar to those of Natronococcus sp. strain Ah 36 amylase. As in the case of Natronococcus sp. amylase, AmyA 1 and AmyA 2 were inhibited by N bromosuccinimide, suggesting that tryptophan residue(s) are involved in the catalytic activities.
19) The molecular mass of AmyA 1 (56 kDa) and AmyA 2 (60 kDa) are different from that of Natronococcus sp. amylase (74 kDa). Furthermore, transglycosylation activity is observed in Natronococcus sp. amylase but not in AmyA 1 or AmyA 2. Gene cloning and further characterization of AmyA 1 and AmyA 2 are currently underway. Table 3 .
